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FOREWORD

~ I'bave great pleasure in presenting to inter-
ested readers the second part of Ganita-
Kaumudi by Narayana Pandita, now completely
edited by Pandit Padmakara Dvivedi, lately of
the Government Sanskrit College, Benares. The
first part thereof was published as No. 57 of
the Princess of Wales Sarasvati Bhavana Texts
Series in 1986, and for various reasons, which
need not be stated here, the remaining part had
to await publication till now. As shown. by
Pandit Padmakar Dvivedi in his Introduction
subjoined to this part, the work is of consider-
able merit and was intended to be a substitute
for Bhaskara’s Lilavati, In his treatment of
Magic Squares especially, the author struck out
a new path and anticipated even the European
Mathematicians. As the theory of Magie
Squares has not progressed muech since then,
the present work will no doubt be of great
interest to those who are interested in Indian
Mathematics.

Pandit Padmakara Dvivedi is to be thanked
for bringing this important work to light.

SARASVATT BHAVANA,
BEnARES, 20-10-1942

M. D. SHASTRI






INTRODUCTION.»

A

The names of Gapita-Kaumudl or Gapitapiti-Kaumudj,
a work on Arithmetie, composed in 1356 A. D. and of its
author, Narayana Pandita, son of Narasithha or Nrsimha, are
not unfamiliar to researchers in Indian Mathematical Manug-
eripts. Among Huoropean regearchers, Mr. Colebrooke? was
the first, who revealed the existence of an incomplete manus-
eript of Narfyapa's Ganita-Kanmudl. Ganeda Daivajfia (born
in 1507 A. D.), son of Kesdava, inhabitant of Nundigrama in
Krigtna District, has also mentioned the name of the anthor
in his commentary, ealled Buddhiviligini, composed in 1546
A.D., on Bhéskara's Lildvat], a treatise on Arithmetie, Therein
he writes : “HMHTIREWEART  WeEwen AT gl g

frndat Fofiderada Tulfieiy e |

This incomplete manuseript was degeribed as containing
only the last two chapters (Vyavabhiras XIII and XIV) on
Combination (Ankapdsa) and Magic Squares (Bhudraganita)
respectively.

In each of the Libraries of the India Office, London, and
Cambridge, an incomplete manuseript containing only the iast
two chapters is preserved, (Nos. 596 B and 77 respectively).

After the death of my revered father M. M. P. Sudhakara
Dwivedi, I diseoverd a complete mannseript of thia work in his
collegtion. I immediately set to work npon it and discovered
that althongh it was in many respects better and more correct
than the portion of it available in the India Office Library,
yet it required some emendations before it could be made
intelligible. A full discussion of the places where I snggest
improved readings is given below for the information of the
readers.

As printed in the Catalogue, Chapter XIII beging :—
WY NUHFACF GIUEHFNAF I79 |
fawd fagd weatamal gen FOYH T ||

# This indtroduction was published as an article in the Barasvati
Bhavan stndies, Vol. IV, pp. 89-107. It is reproduced here with slight
modifications in the interest of those readers Who had no epportuuity
to go throngh it, Id,

1, Colebrooke, Algebra of the Hindus, p. 118, foot note.



(i)

The gecond half of the Sloka is grammatically wrong, for
{here is no verb to the nonn FFAE:, and the word {5 repeated
twice has no such meaning as to connect or claa? the sense
of the Sloka. Here I may say that the copyist, while eopying
from ome older manuseript, misunderstood ¥ for ¥ in the first
faad and {3 for (7 in the second, as there are slight differ-
ences between their shapes and little when written with indiffer-
ent rapidity, and did %5=8% wrongly by taking over ﬁ from the
first and connecting it with the second word ¥d which should
be 4. Henee, instead of the reading & 4@ [ wonld suggest
Fiqaf*a @9, so that the correct reading of the above-mentioned
Sloka, after emendations, is

TY MYFATEF  GANEEIAF a7 |
fivaffa 73 wewE=at gen s At

After these emendations, the learned readers will see that
the purport of the Sloka becomes clear.

As printed in the Catalogne, Chapter XIV begins :

Pragampsaiefredifm  wfgasrg (7)) |
Plafen qma AddEfs  egnfna )

Generally the work has heen written by Nardvaga Pandita
in Arys metre. As arule?, an Arya Chbandah bas bwelve
maitrds in its first and third fest and eightesn and fifteen
métras in the second and fourth respectively. The abowve-
mentioned Sloka seems to be in Arya Chhandah, because its
third foot FIGEHR HIF contains . twelve malras, 9 being
long® having preceded a HI® W, and its fourth foot—
A7 smfts—containg  fifteen matras.  Therefore it
is coneluded that its first and second feet must contain twelve
and eighteen matrds respectively. But on observation, the
firat line of the Sloka iz nol found to contain thirty (twelve &
eignteen) matrds, Henee gome mitris are wanting in the
first line to make the Sloka an Aryd.

In the manuseript in my possesssion, OChapter X1V
beging :— -
qY | YEAEARIeqiEes  Arfguara |
st wua Hetdafa agafgay |

1 Thie very reading appears in & Ms, of Ganita- Kanmudl recently
acquired for the Emavat.g Bhavan Library (No. B. 1465).

2 T A9 IR g gatash | s el 95t duen e
8, wgwd O ergeR At A¥eREd aw ageed fede )



( iii )

In this too, some matrds are wanting in the first line to
make it abide by the rules of AryA Chhandah, and there is
no verb to the agent T in the second line. Serutinising
clogsely Ndariyapas stvle and usage of wordg, I should like
to have the word W9 for the first word of the éluka, ag for
instance the opening Sloke of Chapter XITI beging with the
word 9 { FY TUFARAL ete. ). Now if we place the word 59
before the reading (TIFagsqgfEedtia A=, even then the
first line does not contain thirty matrds. Comparing these

two different readings I may suggest the following reading of
the Sloka :

WY GFANARQIREAFT wifigaET |
HafEa qam dddenty agnfraw )

By this emendation, the noun TR has for its verb
39%e% and the Sloke becomes an Arya in its true form,

At the end of the firgt line of the frst Sloka of Chapter
X1V, there isa mark (? ) of doubt, attached just after the
word WIRMWEM as printed in the Catalogue of the India Office
Library. In order to clear the meaning of the word I may
guote here the Sloke next to the above-mentioned one from my
own manuseript, which does not appear in the Catalogune :

. sgnfgaenEay el Sy FTOSEEL )
el 9 d@R WERrEreE ||

In this Sloka the word &R (ma If™ @) shows
that this Ganpita ( Magic Squares) hag already been tanght
before and now the anthor ( Nirdyapa Papdita) deals with
the snbstance of that Ganpita, called Bhadragapita. By whom
and to whom had this subject been previously tanght ¥ The
angwer to this question iz found embodied in the emended
first_Sloke the prose order of which is—%4 JaTFag®w
( foda ) stafes wara ( 9w ) sfgwegy Adlevafa w8 aRner seie,
i. e, this trone Ganpita, related to arithmetical progresgion, has
been tanght to Magibhadra®* or Magibhadra (a name of the
King of Yaksas by Ida (Siva), tator of three Bhuvanas. On
account of its being taught to Mapibhadra, the Gapita iz ealled
after hig name ag Bhadragagita, Just ag the Son taoght the

4. There is no difference between Manibbadra and Manibhadra,
. Vide Index to the names in the Mahabhirata by the late 8. Sorensen,
Fh. D, page 464 and Sanskrit-Euglish Dictionary by Monier Williams,
M. A, pages 731 and 768,



{ iv }

geience of Astronomy to Maya, Brahma to his son Vagistha,
Puoliga to Garga, Vagistha to bis son Pardgara and so on,
gimilarly NarGyana Pandita has mentioned here the tmdiuon
that the god Siva tanght this Gapita to Manibhadra, an inter-

pretation regarding whieh there appears to be not a shade of
donbt,

As printed in the Catalogue, Chapter X1V ends @

Wy, Aeagraigfaattgeifrged) sudi
weq: simsvagafafganan grgrEn faamE: |
Maematader avaqgulafy fosfamomme:
& T8 9 9% ggiattay (af) i afeen

In my mannseript the last line rons thus:

orE T 7 a8 ggtawfy: sfafed afEe |
I prefer this reading.

The reading of the gecond Sloka as printed in the Cata-
logne is similar to that of the manuscript with me.

The third Sloka printed in the Catalogue runs thus :

ATEEGA: fafeadt @iaw  s@rdar:
ATEIGE  FGA T qATHIEE:
@ararafed walfgagat stegal slad-
T (R:) S-FICITRGHI AT ez (7)

Ingtead of ffved, ™9 and FEY %7 my manuseript

has &, T and mﬁ@“ﬁ A respectively. But I may
guggest the following reading,

TAFEG AT faftad am@=w  @argan
TE|IATE TEYT AR AR |

dqraafd  wdRaEEt staEd Stad-
TRIFIMATEGAN AU agare ||

# Or it may be read as 47 |
3



(v )

_The Sloka, next to the above mentioned one, as printed
in the Catalogue, rong thus :

ANAUEATgarsHTEAa|
T gfEFAEaagEEl |
Y
Htegq SssmeRaan figg
sitelgdl gika [-] Faa: adai |
The word T4l in the second line is grammatically wrong,

ag it is an adjective qualifying _the noun #F in number
and gender; so it should be =i, for the feminine form of

7% iz T4 and not TE!. Iln the enclosed space the word
#4 shonld be placed, as in my manusgeript the lagt line runs

thos : Hwigdl gorgan ofam)

Lastly, both the manuseripts have the following Sloka,
which fixes the date of the composition of the work—

TSRfAfaF gdesd W agw | )
qgfRst Fegaw g swfa ad afgaw )
i. &, the Ga.:_s.ila {Bhadraganita or Ganita Kanmud!) ig finished

on Thuorsday, 2nd Tithi of the dark half of the month
Kartika in Durmnkha Samvatsara, in 1278 Saka.

B

Contents of the work

Now it may not be ont of place to deal with gome of
the topies treated in the Gapita-Kanmudl -

GapitarKanmudl is divided into fourteen chapters, each
chapter being ealled a Vwavahdra. The first chapter begings
with the following Sloka :—

Fad  nfargaadqid adEs fGaer |
FgATsNetaaanfs nfrasgd 992 |

After this, the notational places are mentioned by the very
names mentioned in Bhiskara's Lilavat], with a little difference
in synonyms; thus for %% (10)°, 7&mw (10)*? and w@ly:
(10)** Ganitakaumud] has T, T and TR respectively,



( v )
(a) The Clepsydra

In the terminology relating to money measuores, the values
of a Dramma (&) and Niska (%) as given in Gapitakaumundl
differ from those given in the Lilavatl. Bhiskara writes that
16 Panag (W7 ) make one Dramma and 16 Drammas make one
Nigka or a gold coin, while Narayapa says® that twelve Papas
make one Dramma and 36 Dramimnas make one Nigka,

In the terminology relating to the measurement of gold,
Nardyana mentions the name of Tula () which is not found
in the Lilavat] and says that one Tuld is equal to hundred
palas ( 9 ).

In the terminology relating to the meagnrement of gpace,
Bhiskara says that four Hastas or cubits make one Danda
(&= ) and that two thousand Dandas make one Kroda ( &1 ),
while Narayapa writeg ‘SR WE5ET=:” i, e, ten Karas ( or
Hastas ) make one Danda and eight bhundred Dapdas make
one Kroga. But here it shonld be remarked that the number
of Hastas in a Krofa is the same according to each author’s
constroction of the Clepsydra.

Nardyana has mentioned the name of Drsatkardfignla
( @wesr®, & ), which is equal to

(length 24 Ang) X (breadth 16 Afg) ¥ (height 16 Ang).
As the number of Afignlas in a cubie hand

=24%24 %24 (A Hasta=24 Angunlas),
therefore the number of Drigatkarifgulag in a eabie hand

M2 w2

= =8=
2ix16%16 * o

Hence Nardyaga writes :
foz—(24) 79 (16) 99-(16) Fwar-
NP e dsa: r
A e fi
Eﬁtﬁa’t T urgt (24) @ |

..";. TafmRiEm G a1
rRRIfEE e vt I



( wii )

In the terminology relating to the measurement of grain,
" Nardvana writes :

at feofogear auidm  oifesr $ar)
wUleaaa—(216) wargammfaddq afwrar ||

i. e, twenty Eudavas (529 ) make one Khari (&@);
a Padika { 9Tf&%T ) shounld be reckoned as equal to the sixteenth
part of a Kudava and there are 216 enbic Angulas in a Pidika.
Now the volume of a Padikd in enbic Angulas = 216=63

J. its volunme in enbic Hasta = E—=L =L
248 4% g4
The number of a Padikd in a Kharl = 16X 20 =320
~ the volume of Khéirl in cubic Hasta
_30_
6d

This shows that the Khdr] which is mentioned in Ganita-
Eanmudi is equal to five times the Magadha Ehdrl, mentioned
by Bhaskardachirya in hig Lilivatl, for according to Bhiiskara,

a enbiec Hasta, when used for messaring grain, is called a
Magadbhakhari® ( smmgamd ),

In TeEUfiEA, i e., the operaiion relating to Zero, Nardayanpa
writes : “ST TERTRE @R B A saagal S et awd T
weEE A i 9 @e ®E87 i e, “in this work

on Arithmetic, as Lthe publicin their common business do not
nge it, khahara is not mentioned ; bat as it iz nsefnl in
Algebra, [ have dealt with it in my Algebra”. This gives a
clue to the fact that NarAyapa bhad also composed a work
on Algebra before his work on Arithmetic. An incomplete
manuseript of this work on Algebra upto TR (Affected
ggquare) is in the Princess of Wales Sarasvaiti Bhavana
Library, Benareg, and bears the title of Narayaplvliam
EnGniciced)

I do not know, how, in Gapakataranginl by my revered
father (thelate Mabfwahopadhyiya Pandit Sudhakara Dvivedi),
this Algebra was supposed to be composed by another
mathematician named Nardyaga (who flonrished in 1588 A.Dv),
gon of Govinda and tutor of Muniévara, when on the 22nd
page of the same incomplete manuseript, thers iz -written :

Mﬁﬁmﬁmmnﬂmmﬁfﬁﬁtﬁﬁn
B. MRS TRETEEH ArEEa ArETiE & )




( wiii )

A gimilar gentence iy found written at the end of each
chapter of Gagita-kanmndl. Moreover, the formula given in
this Algebra for fiinding the approximate root of irrational
numbers ig found in Vargaprakyti Vyavahira of Ganpita-
kaumudl also.

Now I ghounld like to deal here with some interesting
questions and their formulae as found under the heading
1 fhfEa Fageg=4ad, i. e, now some curiosity in square iz
told with my proofs

Q. I. What are those two numbers, the sum or differ-

ence of whose squares, with unity for additive, becomes a
B UAre.
Proof :—

Let @, v be the numbers.

Then by the condition of the question we have

#%+y?+1 egual to a square, but this holds good

2
when $2x=dy%or 2= Lﬂ

& In terms of one unknown quantity the numbers
a
are y,-—y-g—- . Now giving an arbitrary valoe (not less than 2)
to ¢ we can easily find those two reguired numbers.
Wherenpon Niriyvana coing this formula :

[ wuAl UfoedEvae AsTAd =IseA: |
gadl: Fhgffgdt s9gd q@R w9a: ||

An arbitray quantity supposed is the first (veguired)
number} and half the square of the first is another (required
namber). The som and difference of their squares with
unity for additive yields square roots.

Here it should be remarked that this formula becomes
valid in the cage when the first nmber is not less than two.

Q. 2, What are those two numbers, the suom or differ-

ence of whose squares, with unity for subtractive, becomes
a square ?



( ix )
Praof :—
Here if we suppose TETA: to be ug—- where =any arbi-

trary quantity, then by Bhaskara’s formuila?, the required
numberg are

4 8
8(%)-1— 1, 3(%) H nriéf-+l and a?

Hence Narayana's formula :—

wrdlsdiesa: @ FRBRRaAsgT v |
=T Fagfifgdt s gEd  aEE )

The firat required number ig the cube of an arbitrary
quantity supposed, another (required number) is half the
square of the square of the arbitrary guantity supposed, plus
unity. The sam and difference of their squares with unity
for sabtractive vield square roots.

Q. 3. What are these two numbers the product of
whose snm and difference, plus unity, becomes a sguare ?

Suppose 2(x2+ y®), 2{z?—y*)...(1) are the two nambers.
Then by the condition of the problem,

We have {2(x®+9?)} {2(22—y®)}+ 1 equals to a square.
But this holds good when

Azt -y )+ 1
or 4x*—4y*+1 is eqnal to a sguare
or when 2. 222, 1=4y%
or when x% =y*%
or when x =y2

Snhstitnting this value in (1) we get the numbers,
oyt +y2) and 2yt—y?)

7, B GO GA AAEEE I HEA: |
&t ) | sAwsEE )
Tor its proof see Bhaskara's Arithmetic, edited by my father.



(x )

Now giving any arbitrary value to ¥, we can get the
required two nambers.

Henee the anthor’s formula :

requsfafger adlmar fEaga |
gdgtmea ST S §9g WAL )

Write the sgqoare of the square of $EIfd, an arbitrary
gnantity supposed, at one place add to, and at another place
gnbtract from it, the square of that supposed number, multi-
ply these by 2, then the product of their sum and difference
plns nnity becomes a square,

. 4. What are those two numbers, the som  or
difference of which becomes a squarve ?

Here we know that =¥+ y?H2c0y= (a2 Ly 2

S The first nomber = 22442 and another=2zy. Now
giving arbitrary wvalnes, but unegual values in the case of
their difference, to # and ¥ we can easily find the required
nombers,

Hence the anthor’s formunla :

qugfa qaar wEHEgEEg s |
g 5 e gus qdwtad &l

The sum of the sguares of two arbitrary gqunantities
supposed is the first number, twice the product of the two
gnppoged numbers iz another, then their sum or difference
taleen separately becomes a sguare.

Q.5 What are those two nnmberg, the sum or difference
of which becomes n sgunare and whose product becomes a
cube ?

According to the preceding formuls, the iwo numbers
z%+y? and 22y, when multiplied by the gguare of any
guantity, say by 2%, are the two mumbers to be supposed.

Or

Suppose 27 (x2¥+y?) and 2xyz? are the two numbers.
B}r this sopposition the ‘two conditions (their sum and
differenes become squares) are satisfied,



( =i )
By the third condition we have
{2 (2 +y*} { 22y2? } equal to u cube.
or z* 2zy (z? +y*) equal to a cube.
But thig holds good when
P @)
2zy (2 +y"}° 2zy (¥ +y")}?

where g=any arbitrary guantity.
Substituting this valne of ¥ in the numbers gupposed, the

gt=

(a®)? ] ] {
B 77 ) R T T

Now giving arbitrary values to o, v and @& we can get the
required two nombers.

Hence the formula—

qrge! 4t 9 afEaESeaasaEat at |
ugngtt et gaf 9@ =@ WS 1)

The aforesaid two nombers when multiplied by the
guotient obtained by dividing the square of the cube of an
arbitrary guantity by the square of their prodoct, are the
nombers required.

). 6. What are thoge two nnmbers, the sum of whose
squares becomes a cunbe and the sum of whose cubes becomes
a square T

a® z.aS
Suppose ?-,3—, -—-;,-—-— are the two unmbers, where
a=any arbitrary guantity,
Then the sum of their squares=a1? (—1%;—"5:—-) which
ig, by the condition of the question, a cube,
But in .the above expression, the first faclor a'?® ia

evidently a cube, for it is equal to (a*)®.

Wow if

]
1-;-1: be a cube, then the condition of the

problem may be satisfied.



( xii )

Suppose l%"{——- = ?lr 1+z'=yora?=y-1

Soa=aSy—l1
Substitating this value of 2 in the nnmbers gupposed, we

Be/ﬂ 1

get the numbers —y—;and

Now, by the condition of the question, the sum of the
oubes of these numbers is a square,

pe — 8
e () HEGER) easun

18

- { 14+{y— T}E} ig a sguare,

nl® A T
Asg the first factor -1}? = ijT ig evidently a square,

a2
now to satisfy the condition 1+(y—1)° must be a square, as

such, the expression 1+{y—1:l% becomes a square in the case
y=>5 (the least value),

For 1+{y-1}¥=1+{5—1}g=1+25 =148 = 9=a sgguare
and a=y—1=+5—1=+/1=2.

Substitnting these walues of # and ¥ in the two nombers

1 &
suppoged, we get the numbers %— and -Ezi;— » Now giving any

arbitrary valas to 2 we get the two required numbers,

Henee the anthor’s formuala 1—

fESAaT wHl fEelsey gmsfedt wwt |
TGN T g € aarag TAgar a9 ||
The square of the enbe of an arbitrary quantity is the first,

and twice the first is another ; these when divided by the
square of five are the required two numbers, the sum of whose



( =xiii )

gquares becomes a cube, and the sum of whoae- cubes becomes
a square.

Q. 7. What is that number which when multiplied sepa-
rately by two multipliers, and unity bamg added to each
product, becomes a gguare 7

Suppose x is the reguired number and two multipliers
ni1 and 2 respectively,
Then by the condition of the problem, we have

m1 z+ L=y" (suppose)... ......(1)
and ma x+ 1=5? (suppose)........(2)
Now by sobtraction, we get

(mi—ms) x=01=2%)=(y—2) (y+2)
SBuppose y—z=k (M1 —mM2)eeriinrinnn (3)
y y-t-z‘—‘-% S . 3]

Adding (3) and (4), we get
2y=-i£—+ k{my—ma)

y—ﬁ{'—-+5: {ma -msg }

— a+k*m1—ms)

T2k
~ Squaring both sides we get

g _a +2xh? (ma—melt+k* (ma—ma)?
4k*

But by supposition y¥=m1 z+1

u

22+ 2rk? (m1 —ma)+E* (m1—ms)?
4%
or x¥+2x%% (ma—me)+ES(mi—me)¥ = 4k ¥ 2+ 417
or 2% — 2kz (m1+ma)= 4:*—k* (m1—ma)?
Adding &* m1+me)? to both sides we get
#1917z (m1tma)+kt (mat+ma)? =4k —k* (m1—my)?
+ k% (mitms)?

=mazt1l




{ xiv )

or { z—k?' (m1+ma)? }t=dJ:’ (*mims+1)

Taking sqnare root, we get
z—kY (mi1+me)= 22k kY m ma+1

soa=kY (m 1+ ma)h2k, /E¥n pinat 1. e anld)

Now as the additive is unity, the least value that can be
alloted to 2 deserves to be zero, as thiz value of x satigfies the
equations () and (2)

In this eage, when =9, we munst have

E*(matm) =2k " mims+ 1
or k* (my+ma)¥ =42 (E¥mama+1)
or k*my 2k mima +kma ¥ = Lk mams + 4k?
or k* (my—ma)? = 442

. k’= 4 Fe 2

——=———ork -
lmi—ma) mry—mai

Sabstitnting this value of kin (5) taking the upper sign
in the right-hand expression we get = =0 '

e A (matms) 28 f-imama
i 4 & [mi___m.‘}! + [}H:-—-mij {ml'-'m'!‘}’ b

_ 4 (martms) 4 (mi+ma)?
(e, —mae)? = (my - mli\/fml —m1)*?

- -ﬂmﬂ*-& 4 (mi+ma)

(my—me)* (m1 — mig)?

_ 8(mitm 1)
(my —ms)?
Henee Narayapa's formnla :

aRea ufeatal fegl sarfed ¥ |
aafrefgfar  Fagffafa ofe )

Write in two different places the products of the required
number and the two multipliers, add unity to each of the
products, each of the expressions (thus found) will be a square.
The reguired number is eqnal to eight times the gum of those
two multipliers, divided by the square of the difference of
those two multipliers,



( xv )

In chapter X, nnder the heading of =9 FEfT: or affected
gquares, Nardyapa has given a rule for extracting the approxi-
mate square root of irrational numbers by the help of affected
sguares. His role rons thus:

q ag 7€7 7 (g ) TOQIS 78X 37 |
e gaudd W egetegmArawd, ||

We ghould solve this indeterminate egnation

Ifex?4+ 1=¢* where c=coefflcient= the irrational nnmber,
of which the approximate root is to be extracted, x=the least
Pada (%% ) and y=the greatest Pada (8 "]:. then the
divigion of the greatest Pada by the least gives the approximate
root of the coefficient, i.e., of the irrational number.

If x= 6 =228 ax= 8658 =
y=19 } y=?21}’ 1.-:-2?379}- Een e E A RIS

-

——= 19 721 271379
’\/s W/ 10 = b or 358 O 3eEg

At the end of thiz chapter the author has given a rule
for testing the product of two pombers, The rule runs :

AU FA N Ae L= |
vl FROEFRIEY 1 =H1sT g |l

Divide the munltiplicant and multipliers by an arbitrary
guantity, get the produoct of the two remainders, found thos by
divigion ; divide this produoet by the assumed nuomber, if the
remainder, thus fonud, be equal to the remainder fonnd after
dividing the produet of the multiplicant and multiplier by the
game assumed number, then the product is correct. As for
instance,: suppose 29=munltiplicant, and 1¥=multiplier and
their product=493. Take any arbitrary quantity, gay 3;
divide 29 and 17 by it, we get the remainders 2 and 2 res-
pectively. Divide the product of these remainders, i. e, 4 by 3,
the remainder is nnity; dividing the product 493 by 3 we get
the remainder also equal to unity. Then as the two remain-
ders are equal, 495 is the trne produet of 29 and 17.

This very rale of Nardiyaga is found in Lunea Pacioli's
{Lucus de Burgo's) Snmma de Arithmetiea printed in 1494,

Magic Squares.

Magic Squares are fignres resembling a chess-board in
which the terms of an arithmetical progression are so arranged
that their sum, whether taken diagonally or by rows or
colomng, is always the same, :

The construction of soch magic squares containing an
pdd or even number of cells had been known to the Hindus for
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a long time. In Tantra Sistra they are called Yantras. As
they were supposed to possess msrauual properties, they were
kept gecret and were not dealt with in Arithmetie by Indian
mathematicians, But Nardyapa, defying this snperstitions
belief, touched npon the gubject of magic squares under the
heading of Bhadragapita and gave defintie rules for the construe-
tion of them econtaining an odd or even number of cells in the
last chapter (XIV) of his Gapita-kaumud], which &8 being
unearthed now eorroborates the fact that India invented Magie
Sqnares which had already been dealt with in Bhairava and
Siva Tandava Tantras prior to the Galita-kanmudl. Though
onaware of them, J. F. Montucla gnessed that magic squares
were known to the Hinduns, but of this he had no eertain
evidence, as stated in his Histoire des Mathematigues (Paris,
1802), But Gapita-kanmudi, as composed in 1336° A, D,
precedes all treatises on magie squares written by Earopeans,
In the fifteenth eentury, Manuel Moschopulus, a writer belong-
ing to the Byzantine scheol, introduced into Europe, magic
gquares, which long after fonnd a wider diffusion through
Philippe de Lahire (1640-1718) and Karl Brandon Mollweide
{1774-1815) who in 1816 A. D. collected the scattered rules in
a book, De Quadratis Magieis,

Micheal Stifel (1486-1567), sometimes known by the
Latin name of Stiffeling, wag the first to investigate them
in a seientific way. Although Adam Riese (1492-1559) had
already introduced the subjeet into Germany, vet none of
them was able to give a simple rule for their eonstruetion,
Towards the end of the sixteenth century such rules were
known to a few German mathematicians, as for instance,
to Peter Roth, the Rechenmeiotter of Nuremburg, In 1612
Clande Gogpard Bachet de Megziriac (1581-1638) published
in his Problems Plaisants, a general rale for squares containing
an odd number of cells, but conld not find a solution of squares
eontaining an even number. Bernard Frenicle de Besay
(1605-1675) made a real advance beyond Bachet, He gave
rules for the construction of both classes of sguares and even
discoverad squares that maintain their characteristics after
girikking off the outer rows and columns,

More modern works are due’ to Kochansky, 1686 ; to
Bauvear, 1710 ; to Hugel, (Ansbach, 1859) ; to Pessl (Amberg,
1872) ; to Professor Scheffler, 1882, and to Thompson (Quarterly
Journal of Mathematics, Vol. X).

In 1903 Harmann Schubert gave nsefnl hints and infor-
mation regarding magic squares in his Mathematical Essays
and Recreations,
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